Objectives: To study current perioperative fluid administration and associated outcomes in common surgical cohorts in the United States. Background: An element of enhanced recovery care protocols, optimized perioperative fluid administration may be associated with improved outcomes; however, there is currently no consensus in the United States on fluid use or the effects on outcomes of this use. Methods: The study included all inpatients receiving colon, rectal, or primary hip or knee surgery, 18 years of age or older, who were discharged from a hospital between January 1, 2008 and June, 30 2012 in the Premier Research Database. Patient outcomes and intravenous fluid utilization on the day of surgery were summarized for each surgical cohort. Regression models were developed to evaluate associations of high or low day-of-surgery fluids with the likelihood of increased hospital length of stay (LOS), total costs, or postoperative ileus. Results: The study showed significant associations between high fluid volume given on the day of surgery with both increased LOS (odds ratio 1.10-1.40) and increased total costs (odds ratio 1.10-1.50). High fluid utilization was associated with increased presence of postoperative ileus for both rectal and colon surgery patients. Low fluid utilization was also associated with worse outcomes. Conclusions: According to results from this review of current practice in US hospitals, fluid optimization would likely lead to decreased variability and improved outcomes.
D
espite improvements in surgical technique, anesthesia, and perioperative care, colorectal operations are plagued with morbidity and complicated postsurgical inpatient courses. In addition, orthopedic procedures are carried out more frequently each year, with significant costs. Any effort to avoid complications or unnecessary hospital days in these populations is warranted. Throughout the 1990s and early 2000s, the benefits of concerted efforts to implement multimodal perioperative care methods were reported. 1 Described as Enhanced Recovery After Surgery (ERAS), fast-track surgery, perioperative goal-directed therapy, or perioperative care mapping, these efforts represent multidisciplinary preoperative, intraoperative, and postoperative care pathways. 2, 3 The primary aim of this multimodal approach to perioperative care is to reduce the length of hospitalization following elective surgery by maintaining preoperative organ function and reducing postsurgical stress.
The key elements of evidence-based, multimodal, perioperative care in Europe have been summarized in Consensus Guidelines established in 2009, 4 and subsequently updated in 2012. 5 The 20 or so elements defined in these consensus statements include preoperative assessment and education, optimal perioperative fluid maintenance, standardized regimens for analgesia and anesthesia, and early mobilization. Although such a perioperative regimen has been shown to decrease length of stay (LOS) and improve outcomes, the successful implementation of these protocols requires patient engagement and multidisciplinary teamwork. 6 Acceptance and implementation of enhanced recovery principles has not been swift or widespread in the United States. The team approach to managing outcomes with multiple causative factors has been a challenge to gaining wide adoption of these principles. Elsewhere, however, the payment structure of the healthcare system has facilitated change. Implementation in England, for example, was first established as a National Health Service (NHS) project. 7 The success of the British effort is measured as a marker of acceptance; those centers with proof of adoption have shown expected improvements. 8 Postoperative elements have been electively supported at random US centers, although no nation-wide analysis or implementation effort has occurred.
Evidence-based postoperative care programs have been defined in the US literature as enhanced recovery, whereas the intraoperative elements are less often reported. The anesthesia literature abounds with discussion of intraoperative fluid management regimens, but these are largely divorced from postoperative fluid management strategies or enhanced recovery efforts. When both the perioperative surgeon-driven elements and the intraoperative pain and fluid management anesthesia-driven elements are combined, the benefits of enhanced recovery are maximized. 4, 5 One outcome addressed by enhanced recovery efforts in colorectal surgery (CRS) is postoperative ileus (POI). Often a driver of postoperative LOS, POI develops less frequently in CRS populations with directed perioperative fluid management protocols. 6 Postoperative ileus also occurs after orthopedic operations. Although POI is considered a medical complication to the orthopedic patient and a surgical complication to the gastrointestinal surgery patient, the effect of POI on LOS and postoperative recovery is the same.
Attributing complications of an orthopedic patient or bowel surgery patient to perioperative fluid management is not definitively From the supported in the literature; however, a general understanding that algorithm-led hemodynamic management including individualized goal-directed fluid management may yield improved outcomes is reported. 3 To best extrapolate a proposed perioperative fluid management protocol, an understanding of current perioperative fluid management is necessary.
With acknowledgment of the paucity of published data on the impact of intraoperative and perioperative fluid management on surgical outcomes from these common procedures in the United States, this study was designed to summarize intravenous fluid utilization, in particular on the day of surgery (DOS), and patient outcomes, including the presence of POI, hospital LOS, in-hospital mortality, total hospital costs, and hospital readmissions (30, 60, and 90 days following index discharge) among adult inpatients receiving elective colon surgery, rectal surgery, or hip or knee replacement procedures. We hypothesized that there would be substantial variation in fluid utilization on the DOS and associations between both high-and low-volume usage and increased LOS, hospital costs, and POI.
METHODS

Data Source
The Premier Research Database 9 contains information on over 67 million inpatient hospital discharges ($6 million discharges per year)-one-fifth of all annual US acute care hospitalizations-from the year 2000 to the present. The database contains standard hospital discharge files that include patient demographic information. Patients can be tracked across the inpatient and hospital-based outpatient settings, as well as across visits with a unique identifier. In addition to the data elements available in most standard hospital discharge files, the Premier database contains a date-stamped record of all charge master items, including procedures, medications, laboratory and diagnostic services, and therapeutic services at the individual patient level. Drug utilization information is available by day of stay and includes quantity, dosing, strength, and cost. Costs are those reported by the hospital, and represent the hospital's internal perspective; they are not the charge to a payer and are not the amount reimbursed to the hospital.
Patient Population
This retrospective, observational, database analysis included inpatients, 18 years of age or older, who were discharged from 524 contributing hospitals between January 1, 2008, and June 30, 2012. Patients of interest had procedure codes from the International Classification of Diseases 9th Revision, Clinical Modification (ICD-9) signifying colon, rectal, or hip or knee replacement procedures (see Supplemental Digital Content Appendix, available at http://links.lww.com/SLA/A837). To increase the likelihood that the hospital visit was directly related to the surgical procedure, patients were required to have the identifying ICD-9 procedure code(s) of interest occur on the day of hospital admission. Furthermore, patients with hospital admissions that were not listed as elective were excluded.
The colon surgery population was subcategorized by open versus laparoscopic procedures, which was defined by the ICD-9 code used to identify the patient. When both open and laparoscopic ICD-9 procedure codes for the same surgical procedure were present on the day of admission, the patient was removed from the subgroup evaluations to maintain clear separation between the subgroups.
Patient Outcomes
The main outcomes of interest were hospital LOS, in-hospital mortality, total hospital costs, intravenous fluid utilization, presence of POI (identified by ICD-9 diagnosis codes 560.1 and 997.4x), and all-cause hospital readmissions (30, 60, and 90 days following index discharge, where the patient was alive at discharge). Fluid utilization was defined using the charge master data, which were provided at the day of service level. Therefore, fluids were summarized for the total duration of the index hospital stay and stratified by time period: during the DOS or on days postsurgery (DPS). Considerable variation was defined as being below the 25th percentile (low volume quartile) or above the 75th percentile (high volume quartile). Thus, within each surgery type, patients in the middle between the 25th and 75th percentiles (reference volume) were compared to those in the lowest and highest quartiles.
Statistical Analysis
All analyses were stratified by surgical cohort: colon, rectal, and hip/knee replacement. Descriptive analyses were conducted to characterize the patient population by patient, clinical, and hospital attributes. Data measured on a continuous scale were expressed as mean, standard deviation, median, and interquartile range (IQR) (25th percentile [Q1] to 75th percentile [Q3]). Categorical data were expressed as counts/percentages in the categories. Student t tests were used for comparisons of continuous measures such as age, and x 2 tests were used for categorical variables. All statistical tests were two sided and significance was indicated by P-values less than 0.05.
Logistic regression modeling was conducted to evaluate the relationship between the volume of fluids received by patients on the DOS and key outcomes, including LOS, total hospital costs, and occurrence of POI. The volume of fluids received on the DOS was categorized into 3 levels: within the IQR (values lying between the 25th and 75th percentile); within Quartile 1 (Q1, defined as being in the lower 25th percentile of volume amounts), referred to as ''low;'' and within Quartile 4 (Q4, defined as being in the upper 25th percentile), referred to as ''high.'' The ''moderate'' IQR was designated as the referent level in all logistic models.
Separate logistic regression models were developed for the following outcomes: excess LOS (top 25%), excess total hospital costs (top 25%), and presence of POI. Models were created to compute both unadjusted and adjusted results where, in the latter case, multivariable adjustment was made for patient and hospital covariates. The covariates varied by model, but generally included age, race, sex, Charlson Comorbidity Index (CCI), Medicare Severity Diagnosis Related Groups (MS-DRG), 10 and hospital teaching status, location (urban versus rural), US Census region, and number of beds. For each adjusted model, covariates eligible for inclusion in the models were selected using a stepwise selection method until all variables remaining in the model were significant at P 0.1.
RESULTS
Patient Characteristics
The study included 3 groups: 84,722 colon, 22,178 rectal, and 548,526 primary hip or knee replacement surgical patients (Table 1) . Overall, the study population had a mean age >60 years, with more females as compared to males, and a larger percentage of white race for all surgical cohorts. The most common insurance providers were Medicare (!43%) and managed care (!30%). The study population had geographic representation from all US regions. Furthermore, the study population included admissions from urban (!89%) and rural (!7%) hospitals, teaching and nonteaching (!55%) hospitals, and small (<100 hospital beds), medium, and large (500þ hospital beds) hospitals.
Unadjusted Outcomes
Mean (AESD) DOS fluid use was 3.5 AE 2.4 L (median 3. Postoperative ileus was diagnosed in approximately 18% of both colon surgery and rectal surgery cohorts, but was found in <1% of hip/knee replacement patients. The rate of colon surgery patients with readmissions for colon surgery patients ranged from 10.2% within 30 days to 14.7% within 90 days. For rectal surgery patients, readmissions ranged from 14.5% within 30 days to 24.6% within 90 days. Hip/knee replacement patients were readmitted within 30 days 9.5% of the time and 12.8% of the time within 90 days. Death during the index hospitalization was rare (<1%) for all surgical groups. Compared with patients having laparoscopic colon surgery, patients with open colon procedures tended to have greater unadjusted average LOS (7.1 AE 6.6 vs 4.9 AE 3.8 days; P < 0.0001), greater unadjusted average total costs ($15,675 AE 10,980 vs $13,582 AE 7890; P < 0.0001), and poorer patient-level outcomes, as measured by POI (19.8% vs 13.2%; P < 0.0001) and readmissions (11.6% vs 7.5% at 30 days; P < 0.0001) ( Table 3) . Despite statistically significant differences in all unadjusted outcomes between open and laparoscopic colon surgeries, the DOS fluid volume did not substantially vary between open and laparoscopic cases (median 3.1 L, mean 3.5 L for both groups; P ¼ 0.6975). Among the colon surgical cohort, we found a statistically significant association between fluid volumes received after the first postoperative day (Table 2, DPS) and the volume of fluids received on the DOS (Table 2, DOS). In particular, the mean DPS fluid volume on DOS increased from 6.7 L among patients in the lowest quartile of DOS fluids to 10.0 L in DPS fluids among patients in the highest quartile of DOS fluids (Table 4 ; P < 0.0001). In other words, patients who tended to receive lesser DOS fluids also tended to receive lesser DPS fluids and those with higher DOS fluids also tended to receive higher DPS fluids. 
Modeled Outcomes
The multivariable (adjusted) odds ratios (ORs) and corresponding 95% confidence intervals (CIs) describing the relationship between DOS fluids with LOS, total hospital costs, and POI are displayed in Figure 1 . ORs from the univariable models were consistently similar to those in the multivariable models and, therefore, are not presented (available upon request).
In colon surgery patients, both low and high fluid volumes were often associated with worse outcomes. Low fluid volume (Q1) was associated with 9% greater odds (OR 1.09, 95% CI 1.04-1.14) of prolonged LOS than moderate fluids (Q2-Q3), when controlling for patient and hospital covariates, whereas high fluid volume (Q4) was associated with 25% greater odds (OR 1.25, 95% CI 1.20-1.31) of longer LOS. Low fluid volume (Q1) was also associated with 17% greater odds (OR 1.17, 95% CI 1.12-1.23) of higher hospitalization costs, and high fluid volume (Q4) was associated with 30% greater odds (OR 1.30, 95% CI 1.24-1.36) of higher costs. In addition, low fluid volume (Q1) was associated with 12% greater odds (OR 1.12, 95% CI 1.06-1.18) of having POI, whereas high fluid volume (Q4) was associated with 10% greater odds (OR 1.10, 95% CI 1.05-1.16) of POI.
In rectal surgery patients, both low and high fluid volumes were often associated with worse outcomes. Specifically, low fluid volume (Q1) was associated with 7% greater odds (OR 1.07, 95% CI 0.98-1.17) of prolonged LOS than moderate fluids (Q2-Q3), which was not statistically significant when controlling for patient and hospital covariates. By contrast, high fluid volume (Q4) was associated with 41% greater odds (OR 1.41, 95% CI 1.29-1.53) of longer LOS. Low fluid volume (Q1) was also associated with 3% greater odds (OR 1.03, 95% CI 0.94-1.13) of higher hospitalization costs, which was not statistically significant. However, high fluid volume (Q4) was associated with 53% greater odds (OR 1.53, 95% CI 1.40-1.67) of higher costs, which was significant. In addition, low fluid volume (Q1) was associated with 16% greater odds (OR 1.16, 95% CI 1.05-1.28) of having POI, whereas high fluid volume (Q4) was associated with 26% greater odds (OR 1.26, 95% CI 1.14-1.38) of POI.
In hip/knee surgery patients as well, both low and high fluid volumes were often associated with worse outcomes. In particular, low fluid volume (Q1) was associated with 14% greater odds (OR 1.14, 95% CI 1.12-1.16) of prolonged LOS than moderate fluids (Q2-Q3), when controlling for patient and hospital covariates. High fluid volume (Q4) was associated with 3% greater odds (OR 1.03, 95% CI 1.02-1.05) of longer LOS. Low fluid volume (Q1) was also associated with 12% greater odds (OR 1.12, 95% CI 1.10-1.14) of higher hospitalization costs, and high fluid volume (Q4) was associated with 26% greater odds (OR 1.26, 95% CI 1.23-1.28) of higher costs. Low fluid volume (Q1) was associated with 10% greater odds (OR 1.10, 95% CI 1.00-1.20) of having POI, whereas high fluid volume (Q4) was associated with 4% greater odds (OR 1.04, 95% CI 0.95-1.14) of POI, but both were insignificant differences.
Open Versus Laparoscopic Colon Surgery
Additional models were developed to evaluate the relationship between DOS fluids and outcomes by open versus laparoscopic surgeries. No statistically significant differences in LOS, costs, or risk of POI were detected between open and laparoscopic surgical approaches, as shown by the overlapping 95% CIs at the bottom of Figure 1 . In particular, low fluid volume (Q1) was associated with 10% greater (OR 1.1010, 95% CI 1.04-1.16) 
DISCUSSION
The fluid utilization and associated outcomes of 3 common US surgical patient populations were evaluated by retrospective analysis of the Premier database. From this approach, we studied fluid given on DOS in a demographically diverse patient cohort, well represented in our large patient population from a range of hospital types.
The first aim of this study was to characterize the current DOS intravenous fluid use during colon, rectal, and hip/knee operations. A wide range of fluid given on DOS is observed, as shown in Table 2 . For example, 25% of patients received less than the following DOS amounts: 1.7 L for colon, 1.5 L for rectal, and 1.3 L for hip/knee surgeries. Another 25% of patients received more than 5.0 L for colon, 5.4 L for rectal, and 4.1 L for hip/knee surgeries on the DOS. Furthermore, 25% of patients received less than the following DPS amounts: 3.2 L for colon, 3.1 L for rectal, and 1.0 L for hip/knee surgeries. Moreover, 25% of patients received more than 11.0 L for colon, 12.3 L for rectal, and 3.0 L for hip/knee surgery patients in the days following surgery. The significant variability of DOS fluid administration corresponds to our background impression that protocoled/goal-directed fluid management and enhanced recovery pathways are not routinely followed in the United States.
The second aim was to define associations between DOS fluid use and outcomes. In every group, we identified an association between receiving the greatest amount of fluid and worse outcomes. ''High'' (Q4) DOS fluid patients had increased likelihood of longer LOS, increased POI, and increased cost compared to patients with DOS fluids in the second and third quartiles. Although the overall LOS and POI incidence are consistent with those reported in the literature, 11 we have shown an association with the amount of fluid given on the DOS. In all instances, adjusted and unadjusted, worse outcomes are seen in the extremes of fluid administration. By defining quartiles 2 and 3 as presumptively ''optimal'' with improved Linear trend test P < 0.0001.
FIGURE 1.
Odds of increased/decreased (% and 95% confidence intervals) outcomes (length of stay, cost, or ileus) comparing reference group of patients (quartiles 2 and 3) to those who received lower (Q1) and higher (Q4) volumes of fluid on the day of surgery.
outcomes over the extremes, we conclude that variation in intraoperative fluid delivery impacts surgical outcomes.
It is important to note the independence of the impact of fluids given and MS-DRG and CCI. The association of improved outcomes with our defined optimal range of fluid given is maintained while controlling for every level of patient severity of illness and baseline comorbidity status. Regardless of procedure category or comorbidity index, patients receiving fluids in the second and third quartile ranges had better outcomes and lower costs.
Our results suggest that an applicable, protocoled approach toward optimal fluid management may improve outcomes. In the orthopedic cohort, the variability of fluid use was less than in the colorectal cohorts. Despite this, and the categorization by the Charlson index and MS-DRG, the orthopedic cohort experienced the best outcomes in our defined optimal fluid categories. The association of improved surgical outcomes with amount of intraoperative fluid is independent of MS-DRG. In other words, even in the defined healthier populations, intraoperative optimized fluid strategies may positively impact outcomes.
Similarly, we note a difference in outcomes between the laparoscopic and open colorectal groups. Consistent with the previous literature, surgical outcomes are improved with laparoscopic approaches to surgery. Again, we report the association between fluid administration and improved outcomes is seen in each group, with multivariable analysis. Within the laparoscopic group and within the open group, patients with ''high'' or ''low'' DOS fluids tended to have poorer outcomes, regardless of surgical approach.
Adoption and application of patient-centered care pathways and protocols can reduce variability and improve outcomes. Recent meta-analyses emphasized that goal-directed fluid protocols are associated with reduced variability in fluid management and better outcomes. 3, 12 Goal-directed fluid therapy (GDFT) utilizes a cardiac output monitor to individualize fluid therapy and aims to restrict volume therapy to the minimum required to maintain central euvolemia. Background crystalloid infusion rates (''maintenance fluid'') may also be dramatically reduced. The relative contributions of fluid restriction and the use of vasoactive drugs to increase oxygen delivery remain uncertain, but flow-guided algorithms for fluid management are associated with improved outcomes with little or any evidence of harm. 13 Although some degree of uncertainty exists about the need for GDFT when considering low-risk patients undergoing laparoscopic procedures in enhanced recovery care programs, our observations support the importance of avoiding either excessive fluid restriction or overload in all our patients. 6, 13 The primary strengths of our study are the size of our patient sample and the availability of data allowing multivariable analysis.
With the diversity of hospital size, patient characteristics, and patient comorbidities represented in our sample, we combat the biases of individual or hospital patient case complexity and outlier provider variables. We did not account for biases introduced by nonrandomization of treatment, such as with propensity score methods. Instead, we observed variability in real-world use of fluids in our study and applied multivariable regression techniques to account for confounding factors. Because the granularity of the Premier database permits no finer analyses of timing than a calendar day, our study was not able to distinguish the fluids used during surgery (intraoperative time) versus perioperatively (preoperative, intraoperative, and postoperative time). However, we were able to separate the day of a surgical procedure from days following surgery.
The hospital cost data in our analysis were captured from financial information gathered by the hospitals during the course of treatment. The limitations of this approach are the possible underreporting of clinical outcomes of interest, and the reliance on ICD-9 coding to identify clinically related information such as procedures and diagnosed comorbid conditions. For example, a diagnosis of POI may be underreported due to the lack of consistent documentation in patient medical records, whereas a readmission is increasingly unlikely to be missed. However, this limitation should have minimal impact on our conclusion given that over-or under-reporting would likely be consistent within institutions and, therefore, consistent in effect.
In conclusion, we analyzed differences in outcomes as they may relate to the volume of fluid given on the DOS. Based on the poorer outcomes observed in patients receiving both restricted and liberal amounts of fluid, we advocate continued examination of the effect of patient-centered care pathways that incorporate protocolized optimal intraoperative intravenous fluid management to enhance surgical recovery.
